Isolation by distance in a population of a small land snail Trochoidea geyeri : evidence from direct and indirect methods by Pfenninger, Markus et al.
2.  MATERIALS AND METHODS 
(U) Research area 
.  >  Ihe rcsc;trcli  ;trea  is  ;iii  al,;tiidoried  viriry;trd  with  ari 
;tpproxiiri;itc  sizc of 40000 rn"  11ow  covcrcd with  dry opcii 
grassla~id  situatrd  ori  a  liiricstoiir  hill  riear  Schlüchtrr~i, 
ccritr;il  i:crrn;triy.  'The ;trc;i  is slightly structiircd  I,y  1,ushes 
arid  hcdgrs, 1ri;irkirig tlir hou~idaries  I~riwre~i  li>riricr viric- 
y;irds,  l,iit  operi ciiougli to corisidrr  ilic suital,lc  lial,it;ii  Li>r 
thc sri;til  populatio~i  to 1)c coritiriuoiis  (sec figurc 1). 
(b)  Direct method 
11 rriarked patch, 5  rri X 5  rn  iri size witli a I rn  grid, was srt 
iip iri tlic ccritrc of tlic viricy;trd  (hr  dctails sec Pfcririi~iger  & 
Rah1  1995). Tlir iriarkrd  paicli  was sc;trclird  carrfully  Li>r 
liviiig T. gr,yrri oll ;ivcragc cvcry 15111 d;iy, cxccpt for thc tirrlc 
of 1iil)crriatiori. All  I'. ,qgi.~i  huiid ori the patch Li>r thr lirsi 
time wrrc rrlarkrd iiidividii;illy. 'I'hcir positiori rc1;ttivc to thc 
grid  was  rccordrd  011  a  iri;tp  arid  iliry  wrre  released 
irnrnediatcly  at  the  origiri;tl  positio~i. 'I'hc  positiori  of 
prcviously  iri;irkrd  s~i;iils  was  recordcd  in  thr sarrie  way. 
Disiariccs dispcrsrd  hrtwreri two rrcords werr mc;tsiircd  21s 
straight  liries.  IS ;iri  iiidividii;tl  dicd l)riwcc~i  two firidi~igs, 
dispcrs;tl  dist;trice  was not corisiderrd. Orirriiatiori ol' move- 
rnciit was ;iri;tlyscd I,;tscd  oll scciors of 45 O. 'I'lie recordirig of 
rriovcrricrit was trririi~iated  at thc riid ofJiily, whcri oiily dc;id 
adult sii;iils wcrr fou~id. 
11  total oS24 r;iridoirily chosrri qu;tdr;its  (1 m X  1  m) wcrc 
s;irnpled  ;it  tlic crid  of March 1095 witliiii  tlie viiiryard. All 
vcgct;ttio~i  was rerriovcd  io ilir 1,laiik  soil  aiid sc;irchcd l'or 
livi~ig  I'. ,<qi'ri. /Idditiori;tlly, withiii racli qii;idr;it, tlircc soil 
s;tiriplcs  of 35 ciri X 35 crri each wrre cut out 5 crrl  iri  depili 
;irid searched thorouglily Li)r livirig siiails.  I rihrrri;tt iori al~out 
pattcrri~>f  distril,uiio~i  duriiig rrlarkrec;ipturc rxprrimeiits 
w;ts  ohtairicd I,y  iric;iiis of ;tri  iridcx of dispcrsio~i  (Southwood 
1078). 'Trsts  for  aggrrg;iiioris  grc;iirr  t1i;tii  s;trnplc  iiriit  ol' 
1 mvwerc dorie l)y rnc;i~is  of thr 1w;to-iridcx  (Iwao 1972). 
C:oiripiitrr  siiriiilatioii  oS a raridorn-movemriit  modcl w;ts 
uscd  to  cstirn;ttr  dispcrsal  ovrr  lorigrr  pcriods.  R;iiidorri 
rriovriricrit  cari  hr  assurned  wlirii:  (i)  iio  dircciiori  is 
prcfcrrcd; (ii) dircctio~i  of rriovrs is i~idrpr~idciit  of previous 
rrioves ; arid (iii) disiaiice moved 1)y ari iridividu;tl is  ;I  r;tridom 
v;tri;itc  of  ;in  cxporiciitial  distril)utio~i  (Piclou  l%i9). To 
Figurc  1.  1,oc;iiiori  of  ihc  liilie  s;tmpli~ig  sitcs  (A-I)  li~r 
iriolccu1;tr gcrictic ;tri;tlysis  of thr popu1;itiori  structiire. 'Thr 
e~itirc  ;irc;t  is  a hrrnrr viricy;trd.  111 rach sitr, seveli to iiiric 
sri;tils wrre sairipled. The shadcd arc;is rcprcsclit  urisuit;il,lc 
h:il,itai  fi>r I'rociioide~~  ge,ye~-i  (I~ushes  ;ind  hcdgcs)  . 
siiriiilatc  disprrsal,  ralidom  variatrs  of  tlie  rrrlpirically 
dctcririiricd rxporic~itial  fu~ictiori  of dispcrsal pcr  15 d  wrre 
assigried  to  ;I  raiidom  directiori. 1)ist;iiiccs  disperscd  werc 
c;tlciil;ttcd  21s str;iight lilics 1,ctwccii thc st;triirig poilit alid tlir 
poilit rraclicd al'tcr  ;t  givcli tiirie.  For rach rrlultiple ol' a 15- 
d;ty  pcriod  up to 210 d, tlic simii1;itiori  w;ts  rcpe;itcd  1000 
timcs. 
Wright (1946) calculated ilir rieighhourhood sizc  iV  li>r  ;I 
co~iti~iuously  distri1)utcd  popul;itio~i  of  raridorrily  rriatirig 
sirriultaiirous lirrrriapliroditrs iri  a  two-dirrierisio1irtl lial,it;it 
il s 
witli n2 tlic v;iria~icr  ol' disprrsal ;iloiig ;t  sirigle ;txis Srorri 
~~;mritsrcl;ttivr  to tlieir oflipririg ;tt  tlir sarrie devcloprrirrit;tl 
stagr ;irid d 21s  thc dcrisity of 1)rccdirig iridividu;ils. Followi~ig 
iirccriwood  (197(i), varia~icr  ofdisprrsal aloiig a sirigle axis 
was  c;ilculatcd  as  h;ill'  ihc  v;iri;t~icc ol' dispcrs;tl  iri  all 
dircctio~is.  'I'lir  tirrie pcriod  li>r  dispersal corisidcred li>r thr 
ca1cul;ttiori  of iicighl~ourhoocl  sizc  (1  20  150 d) is  c<luiv;ilc~ii 
to the pcriod Sroiri Srptriril~er,  whcri you~ig  siiails re;icli a si~c 
ihat ;illows sii1)st;tiiii;tl movciricrit, to April  M;iy, whcri cggs 
;Ire drpositcd in tlic soil, cxcludirig thr tiirie oS liihrriiatiori. 
Wr  c;ilculatcd  ihe iiciglil,oiirlioocl  sizc l'or  thc rnr;ili*  s.d. of 
popu1;itioii dc~isitics.  'I'r;t~ishriri;itio~i  of tlir ~iciglihourliood 
foririula sliows that ;t  iiriglihourliood is  associated  with  ;tri 
-. 
;tre;i  of ;I  circlc with a r;idius of v'2n. 
(C) Zndirect method 
For thc molccu1;tr ge~ictic  a~ialysis,  a tot;tl oS75 siiails wrrc 
s;trnpled  froiri iiirir  raridoirily chosrii sites,  21s  illustr;iied  iri 
figurr  I. At  c;tcli  sitc, srvcli  to iiiric  sri;tils  wcrc  sairipled 
wichiri thc ca1cul;ttcd  rieighl,ourhood  arc;i. 
DNA Srorri siiail iissiic was cxtractcd li>llowiiig  ilic protocol 
of  ISahl  &  Pferi~ii~igrr  (IO<Xi). Ior dctails  of  ilir  KAP» 
proccdurr src PScririi~igcr  rl (11. (1995). \lie ;tpplicd 5 primrr 
(OPABOI, OPC:15,  OPC:l(i, OPP0.5, OPPI  I, Operoii Trcli- 
iiologies Iiic.). 1S;tiids  werr scored orily wlicri  tliry could l)c 
rcproduccd witli  two diff'rrriii  DNA coricriitratioii;;  iii  two 
arnplificatioris. Ior st;ttistic;tl  ;tii;ilyscs,  thr d;ti;t  wcrc tr;tris- 
forrnrd into a I~iliary  rriatrix, wlierr prrsrricr of a haiid w;ts 
codrd ;ts  1  ;trid  ;il,scricc ;ts  0. 
\lie sul)-jccted tlic presericeal)scrice iriatrix io a  priricip;tl 
corriporieiit ;i~i;tlysis  (P(:A).  'Tliis st;iiistic;il  tccliiiicjiic ;~cliieves 
;tii ordi~i;ttio~i  of tlic i~idividu;ils  ;tccordi~ig  to tlic prcscricc or 
al~scrice  of  certairi  haiids  alorig priiicipal  corripoiiriii  axrs 
(n4;trily  1994).  'Thcsr pri~icip;il  cornpolicrits ;irc iiricorrcl;iicd 
io cach oihcr aiid accouiit, iri drcrrasirig order: hr  portioiis 
oftlic tot;il  RAPD v~trirttiori.  'Tliis liiis thc rtdviiiitagr ol' tiikirig 
irito accoulit '  typical'  1,arids corre1;itrd  io sarripliiig sites. 
Popul;ttio~i  structurc w;ts tcstcd l,y  ;in ;iri;tlysis ol'iriolcciil;tr 
variaricr  (AMOVA ; Excofficr  et  al.  1092). AM~VA  ca1c~~l;ttes 
st;tiid;trd  v;iri;trice  cornporicrits  arid  corrcl;itiori  rnc;tsurcs, 
reSerrrd to as 4-siaiistics, li>r  ;I  rnaximurri of thrre liirrarcliical 
lrvcls  of  populaiiorial  sul)divisio~i.  Thc sig~iific;iricc  of  thr 
o1)scrvcd v;iriaricc coiriporicrits ;trid 4-v;tliies  was iestcd iisilig 
;I  ralidom  pcrrnut;itiori  procrdurc  oii  tlie  origiri;tl  dat;t 
m;itrix.  Ior this  ;tii;tlysis,  tlic  0/1  rn;itrix  w;is  traiisli>rrricd 
iriio  a  s<lu;tred cuclideari  distaricc  iriatrix  l)ctwcr~i  ;t11  75 
iridividu;ils.  Thc squared  euc1idc;tri  dist;i~icc  1,ciwccri  two 
1)iri;iry vcctors cc1ii;tls  thc ;tl)solutc riiimber OS diffi.rcricrs  of 
the vcctors, i.c.  iii  tcrrrls  of  RAPD  m;irkrrs,  chr  iiiirnhrr  OS 
h;irids rioi sh;trcd hrtwccri two iiidividii;iIs. Tlie a~ialyses  wcrr 
dorir will1 WINAMOVA Vers.  1.55 (1,.  F\i~<>ffi~I'). 
To  drtrrrnirie  wlicther  tlir  gciirtic  structure  of  the 
popillaiiori  cari  1)c descril~ed  l)y  tlic  isol;iiiori  hy distaricc 
modcl,  wc  comparrd  the  corresporidirig  matriccs OS i~itcr- 
iridividii;il  riiclideari  distariccs  ;tiid  grogr;tpliical  distarices I~ciwccri  ihr s;irriplirig sitrs of iiidividu;tls  i~sirig  a Maritel trst 
(Maiitcl  1967). r,c:A  ;ind  thc  M;trilci  lest  wcre doiic  witii 
N'I'SYS-pc,  rcleasc  I.(iO (Applied 13iost;ttistics Iric.  1900) 
3. RESULTS 
(U) Direct method 
During  tlie  wholc  sarripling  period,  a  total of' 630 
snails were rriarked, 1  13 (1  7.9 '2,)  of'wliicli werc found 
at least  oricc  again.  1t was  possiblc  to  record  146 
movcmcnts. No dircction of movcment was preferred 
(X'  = 1.761 ; n = 146; p = 0.97;  comparison  with  a 
uniform distribution). Dircctions of'secorid moves werc 
indepcriderit frorri first moves  (X'  = 1.333 ;  rl  = 36;  fi = 
0.99; comparison of dcviation f'rom first rriovc witli a 
uniforrri  distrihutiori)  .  Distances  covercd  within  15 d 
rarigcd from 0 to 4.23 m with a mean of'0.86f  0.79 m 
[mcanf s.d., n = 146). Tlic frcqucncy distribution  of 
dispcrsal  distances fittcd  a function witli  cxponcntial 
decay  = 66.37  (-~I.I:<T)  ). Kandorri  moverrient  can 
tlius he assumed. 
Tliis  cxponcntial  function  was  uscd  to  do  thc 
computcr simulatiori of' long tirrie dispcrsal. Simulatcd 
avcragc  dispcrsal  iri  a  two-dirricnsional  liabitat  in- 
creascd  from  0.86 rri  in  15 d  to  3.90 rri  iri  210 d. 
Avcragc distancc  dispcrscd  aftcr  120 and  150 d  was 
2.94 m  and  3.22 m, respcctivcly.  Maxirrium distance 
dispcrwd aftcr 210 d was  13.09 m. 
Tlie quadrat counts on tlic surfjce gavc ari cstimate 
of  4.25 + 1.95 individuals  m '  (rriean +  s.d.,  n = 24), 
thc counts  of' thc soil  probcs  0.33 +0.14 individuals 
0.125 m-'  (meari+ s.d., n =: 72). Tlius, our calculated 
~~opulation  dcrisity  is  6.89 +  3.09  individuals  m-" 
(meari f  s.d.).  As tlic entire arca of'contiguous suitable 
liahitat is approximately 40000 m2,  tlie estirriated total 
population size is  2.75+ 1.2 X  10~ndividuals.  Duririg 
our  rriark-rccapturc  expcrimcnts,  2.47k0.75 indi- 
vidual~  m-"mcan,s.d.,  r~ = 630) wcrc fourid alivc ori 
tlic surfacc on avcrage. Tlie iridex of dispersiori varied 
orily slightly  tlirougliout  thc ycar  (1,  = 0.976+0.15 
(meari  s.d., n = 14)).  Ari aggregation of' sriails larger 
tlian tlie grid uriit of 1 m2  could at no time he detected. 
The  spatial  distribution  of'  T.  gqyeri  can  thus  be 
assumed to hc close to a raridom distrihutiori. 
Estimatcs for nciglibourliood sizcs rangc bctwccn 70 
arid 208 individuals (see tahle 1).  Tlie estimated size of 
a nciglihourliood  area ranges from 13 m2 to 2 1 m2. 
(b)  Indirect method 
Application  of  5 primer:; resulted  iri  a total of  137 
markcrs,  126 of' wliicli  wcxrc polyrriorpliic.  All  indi- 
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Figure 2. Priiicipal cornporieiit aiialysis of tlic KAP»  dat;t.  (a) 
Plot  of  pri1icip;tl  corripoliciit  ;ixis  I  ;tgaiiist  priricipal 
cornporierit  ;ixis  2.  (6)  Plot  of priricipal  coiripo~ic~it  ;ixis  3 
;igailist pri1icip;tl  cornpoiicrit  ;txis 2. Operi circles: s;tmpliiig 
site 11; lillcd Squares: samplirig site 1%; fillcd circlcs: s;tmplirig 
sitc  C;  opcn  tri;irigle  pe;ik  up:  s;impliiig  sitc  1);  open 
rliom1)us:  sarriplirig  sitc  L;  fillcd  tri;triglc  pe;tk  down: 
s;irriplilig  sitc  F; fillcd  rhomhus:  s;tmpliiig  sitr  G; oprri 
1ri;tiigir pcak dowii : sarnplirig site H ;  opcn squarrs : samplirig 
sitc I. 
viduals could he distiriguislied  by  their unique rriulti- 
locus  RAPD  pattern.  Tlie  hands  wcrc  liiglily  repro- 
ducihle in  the cerise  tliat  tlie  pattern  produced  was 
idcntical to forrricr amplifications. In the rare cases of 
amplificatiori  failure,  tlie  RAPD  proccdurc  for  tliis 
iridividual was  rcpcated. Tlius,  we  Iiave  reproduced 
eacli  pattcrn  at  Icast  twicc  for  two  templatc-DNA 
coriccntralions. 
Tlie first  tlirec  principal  componerits  accourit  for 
16.4 X,  14.9  Y/;,  and 12.6  Y/,  of' tlic total variation in tlic 
Tahle 1. Results d direct estimutior~  oJ"populutior~  genetic  .structure: estimated neighhourl~ood  .size.c 
(Variaricc of disprrsal ;tloiig  a siriglc ;ixis is  givcn hr  120 arid  150 d.) 
-  -  P  P  P  -  -~ 
dc~isity 
(iridividuals/iri  ') 
variarice of disprrsai aioiig  d = 3.8 m-'  d = 6.89 rn  d = 0.98 iri 
siiiglc axis  (meaii -s.d.)  (meaii)  (mcaii +s.d.) 
0.5rr2„„  = 1.471  iri"  70  127  181 
0.5a"„,,,  = l.(i(i5 iri"  80  144  208 T'able 2. Partition oJ molecular variance 
(d.f: = dcgrres offreedorn ;  sso =  surrls ofscluarrd dcviatioris;  so = rrieari scluarcd deviation; prol);il>ilityp  w;ts c;tlcul;ttcd  from 
9099 lxrrriutatioris (sec $2 for dct;iils).) 
variaiice  'j/,  ol' 
soiircc of variation  d.f.  ss»  MSD  cornporicril  variaricc  p 
arriorig sarriplilig sitrs  8  910  113.8  12.4  53.5  < 0.0001  0.535 
wiiliiri sairipliiig siies  66  71 1  10.8  10.8  46.5  < 0.000 1 
prescnce--ahscricc  matrix. Arriong  tlic  othcr 71  prin- 
cipal componcnts grcatcr tliari  zcro, rione  accourited 
for  more  thari  8.9');  OS variatiori.  'Tlic  güp bctwccn 
pririci~~ül  componcnls 3 and 4 indicatis that ~hi  lirsl 
tlirec coinponcnts  rcprcscnl  thc mosl  imporlarit  'di- 
rncnsions' iri ~hi  datü. Ovirall, tllc P~A  indicütcs thüt 
a substüntial amount ofgcnilic variüliori is ü~tributat>lc 
to  giograpliic  struclilririg,  thircby  reflicting  tlic 
gcograpliic  rilalioris  oi tlie  sainplirig  sitcs  along  ~hi 
~xincipal componint  üxcs.  Axis  1  separates  ~hi 
sain~~lirig  sitcs iri  rast-wcst  dircction,  whereas axis  2 
distirigilishes tlic sitis rathcr iri riorth-soillh  diricliori. 
'I'he  sainpling  sites  C, 11,  E  ünd  F',  iorming a  wide 
crcsccril, are siparütcd along axis 3 (ligilre 2a, b). 
Partiliori of  inolccular vüriürici was  testcd  on two 
hicrarchical  levels :  ainong  tlic  individuals  witliiri 
samplirig  sites  and  amorig  samplirig  sitis witllin  tllc 
lotül population. Oilr risillts iridicütc tliat inorc than 
half (53.5  %)  oitllc total variarice is attril~utübli  to thi 
variürici  hctwccn  sümplirig sites. 7'hc randomization 
proccdurc  (riilmber  oi pcrmutütions  i~scd  :  9999) 
cxhibits  the  high  sigriificarice  of  ~hi  variarici  com- 
porierits  arid  thc  4-statis~ic  (sei table  2). Barllett's 
slülistic indicatcs ~hal  ~he  sümplirig sites do not difkr 
signilicarilly  witli  rcspcct  to  tllcir  variaricis  wilhiri 
sampling siti (~2  = 4.68; d.i. = 8;  P rüridom Bartlctt's 
statistic > ot>scrvcd slalistic = 0.000 1). 'I'hc two gio- 
graphically  closest  sainpling  silis  (R  ürid  C:,  18 m 
apart) could bc clcarly siparatid when subjictcd to an 
AMOVA alorii (59.2 'X, amorig B and C:, p < 0.0001). 
(:irictic  distancc  incrcasis  sigriilicüritly  witli  gco- 
graphic  dislarice,  dispite  thc  strong  variatiori  of 
euclidiari distüricis within samplirig sites (Müritil tist; 
r = 0.567,  random r > observed r = 0.000 1).  Witliin 
sainplirig  silc  R,  rio  significünt  incrcasc  of  gcnclic 
dislarice with geogrüphic distüncc could bc observed (r 
= 0.071, p random r > obsirvid r = 0.3400). 
of' a  sullicierit  riumber  of' iridividuüls  througli  tlicir 
eritirc  lifctimc.  Thc dispcrsal  data prcsentcd  ncvcr- 
tliclcss rcllccl  tlie locoinolory activity ovir one com- 
plete  liiitime  piriod,  thircby  iritegratirig  wcatlicr- 
dependint ~xriods  of  bot11  high ünd  low  locomotory 
activity. Oilr eslimüted valilis may be oviristimütes oi 
dispcrsal, ias  snails tliat wcrc bilricd in the soil witlioul 
locomolory aclivily might be i~ridirreprescritcd  in tlii 
mürk  rccüplilre data. However, everi a 50'%, incrcasi 
iri thi  iriqucncy oimovcincnts undcr 1 in pcr 15 d does 
riot substaritially alter istiinatis of mean dispcrsal arid 
üssigned varianccs in our siinillalions (dala riol showri). 
'The estimütion oidispersül ovir longcr pcriods for larid 
sriüils I->y compulcr siinillalion  appiars to bi ü i~seiul 
ap~x-oach  that hüs biiri succissiillly üppliid bcforc by 
Baur & Baur (15193). These authors coilld  sliow thüt 
siinulalcd  dispersal  oi  Arianla  arhu.slorum  (Hclicidüc) 
was compürüble to distanccs actually dispersed iri the 
field. 
'Thi dirisity OS T. geyeri is low coinparcd with olhir 
helicid spccics (Grccnwood  1974; Crook  1980; Cowie 
1  0g4).  Obtairiirig  istimatis  OS absolute  dcnsily,  iri- 
cludirig thi  sriüils buried iri tlii soil, is difficillt, I->ccausc 
liabitül destructiori is iricvitüblc ünd can tlicrcforc nol 
bi üpplicd  cxtcnsi\lcly  iri  a  scrisitive hübitüt.  Corisc- 
qucnlly, we  prisirit estiinatcs  oi ricighbourhood size 
based  ori ü rilülivcly  broad rangc of  dcnsilies. Thesi 
cstimatcs inay as will rcprescrit üctilal lieterogencity in 
dcrisily ovir ~he  eritiri viriiyard. 
Estimatis  oi neiglit>ourhood  sizc  N  or  ifkctive 
ncighboilrhood  sizi  Ar,,  iari  avüilabli  Sor  only  a  fcw 
olhir hilicid  spccics.  Ncighbourhood  sizc for  (,"rpaea 
nernorali.~  rangcs from 95 to G000 (Greeriwood  1 974),  ior 
Thrba pisana irom  1 15 to 4 130 (Cowic 10E4), 15 lo 2 15 
hr  Ifrlix  aspersa  (Crook  1980) and 5600  for  Arianla 
arbuslorurn  (Büur  1093). Most cstiinatcs,  cxcept  thosi 
hr  H. a.sprrsa, by iar ixceed  ~hi  rürige  OS 70  to  208 
rcporled hiri. 
4.  DISCUSSION 
(U) Direct method  (b)  Zndirect  method 
IJsilally, not all snails prcscnt in an arca arc aclivc 
ori  ~hi  suriacc, cvcn  undcr fa\lourat>lc wealhir cori- 
dilioris  (Railr  1993).  This  giniral  ol->scrvation is 
supportcd  by  our firidirig  thal avirügi derisity  esti- 
inatcd by  inürk-rccapturi  tichniqilcs is  always lower 
~hari  by  ~horough bilt  distructivi  siürching.  'I'hc 
rccovcry  rate in  thc mark ricapluri ixperimirits  is 
corrcspondirigly low, üs priviously riportid by Cairi & 
Currey  (I  068) hr  C'epaea  nrmoralis. 'I'liils, wc i~sid  only 
the  rliladrat  counts  ior  estimation  of  population 
derisity. Thc low rccoviry rüti prevcnts kecpirig trück 
Noric  oi the  privious  studies  on  riciglibourhood 
popidüliori  structure  uscd  high-resolution  DNA 
mürkcrs for  ~hc  iridiricl arialysis oi  populütiori  struc- 
turc. Wc applicd KAPD  inarkcr (Williams rt al.  1990) 
hr  thi estimatiori of populatiori gcnctic structure. The 
KAPD inclllod is cspicially riliübli ior iritrüspecific and 
intrü~~o~~ulation  coinparisons  (Ricset>irg 1996).  Al- 
thougli RAru  markers arc i~sually  dominant arid  thus 
cari riol dislirigilish thc hoino- ürid hctcrozygous states 
for  band  prcscncc  (C:lark  &  Lariigüri  1903), KAPDS 
usually  rcvial  tllc  sami overüll  patlerri  of  gerietic indircct  methods  thüt  tliey  attributcd  to  occasiorial 
lorig rangi dispcrsül. All slildics mirilioried iourid thisi 
paltwrimri ü spatial scalc üt Icast tcn tiines largir thüri 
reportid licrc. A study of  popillatiori slrilctilre  usirig 
KArD markcr in a sriail oicomparübli sizi arid ecology, 
Candidula  unifasciala  (Bülil  el  al.  1996)  sllowcd  an 
isolütiori by distünci structurc on a scalc similar to thi 
onc found in  T. geyeri.  Thc siinilarily iri  appiararici 
arid ecology may allow to transfcr our rcsults to olhcr 
small  land  snail  spccics  (Magriiri  1991 ; Rah1  el  al. 
1996). 
Our rcsults  indicatc that  a  riiighboilrhood  popil- 
Iütion  struclurc, crcaled  by  thi process  oi raridoinly 
dircctcd dispcrsal wilh  limitid rarigi, migllt be orii oi 
the niost importünt iorccs gcncrating and inaintaining 
gcnctic variability iri coritiriilously dislributed popula- 
lioris oi  smüll larid sriails. Again, genctic variability is 
tlic indispensable  basis  ori  which  micro-  arid  macro- 
cvolutioriary procissis üct. 
M'r  tliarik Tlioinas Stadlcr arid tlircc an»riyrri»us rcfcrccs f»r 
liclpfiil coiriirirrits  tliat  iiriproved  tlir niariuscript. C:liristirir 
Ott  arid  ,J»rg  I<rriitz  gavc  valiiahlc  Iiclp  iri  ficldworli 
iissistaricc.  'I'liis  stiiciy was siipportrd  1)y  tlir BMBI" (1"1<7. 
0330523A). 
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